An impressive and growing list of biogeographically interesting plant and animal taxa occur in Paleogene sediments of both southern Australia and southern South America, indicating trans-Antarctic distributions during the warm past. Here, we provide the first evidence that the living, woody, Australasian monocot Ripogonum was present during the early Eocene of Patagonia, Argentina. Two fossil leaves are sufficiently well preserved in overall shape, size, and fine venation details to be assigned to the genus, being closely comparable to leaves of the extant species R. album and R. scandens and the recently described early Eocene species R. tasmanicum from Tasmania, Australia. The new species, R. americanum, is described. Overall, this evidence suggests that Ripogonum had a significantly larger past range, including Antarctica, during the early Paleogene, when Antarctica was much more closely connected to both Tasmania and South America and high latitude climates were warm and wet. Ecologically, the South American Ripogonum was probably a scrambling vine in mesic forest and grew in association with a rich understory flora of ferns and angiosperms.
INTRODUCTION
Interest in Southern Hemisphere biogeography has accelerated in recent years, in large part because of the discovery of new fossils and the increased use of molecular data to estimate the timing of lineage diversifications. During the early Paleogene, Antarctica was largely ice-free, and there were no significant water gaps between this continent and Australia and South America (Lawver et al., 2011) . Moreover, early Eocene climates at high latitudes were warm and wet enough to support complex vegetation types (Francis et al., 2008; Carpenter et al., 2012; Pross et al., 2012; Contreras et al., 2013) . The Antarctic region during this interval can thus be seen as a portal for biotic interchange over vast distances, and the legacy of this past can still be seen in the distributions of numerous modern taxa, famously including Nothofagus (Veblen et al., 1996) .
Some plant taxa provide striking direct evidence for trans-Antarctic paleodistributions because they have Paleogene fossil records in both Australia and southern South America, even though they may be extinct in one or both modern regions, or more circumstantially because they have a fossil record in just one area but survive in the other (Hill and Carpenter, 1991) . Knowledge of the living Australasian taxa that are present as fossils in South America but extinct there now, in particular, has dramatically increased in recent years, and a large number of these contributions have come from the early Eocene (ca. 52.2 Ma) Laguna del Hunco caldera-lake beds of Chubut, Patagonia, Argentina (see Wilf et al., 2013 for a review). These elements of the Laguna del Hunco fossil assemblage are accordingly considered to represent the western reaches of a vast, trans-Antarctic paleorainforest flora . This flora not only included large tree species, but also a range of understory species, notably including several genera of tree and ground ferns (Carvalho et al., 2013) and probable small-statured Laurales trees (Knight and Wilf, 2013) .
One small lineage of the monocot order Liliales that shows a classic extant Gondwanan distribution is Ripogonaceae + Philesiaceae. This clade is supported by numerous multigene analyses (Patterson and Givnish, 2002; Davis et al., 2004; Janssen and Bremer, 2004; Givnish et al., 2005; Fay et al., 2006; Kim et al., 2013; Petersen et al., 2013) . The species of both families occupy mostly wet forests, where they occur as woody understory shrubs or vines. The Australasian Ripogonaceae comprise only six extant species of Ripogonum in eastern mainland Australia, New Zealand, and Papua New Guinea (Conran and Clifford, 1986) , and the Philesiaceae consists only of the Chilean national flower, Lapageria rosea, and Philesia magellanica, which both are species of the moist temperate Valdivian rainforest (Conran and Clifford, 1998; Chileflora, 2012) .
Recently, Conran et al. (2009) described Ripogonum tasmanicum from the early Eocene of Tasmania. These authors also noted that the potential for fossilization of Ripogonum leaves was good because the living leaves are robust, abundantly produced, and deciduous at senescence. Indeed, Ripogonum fossils are often locally abundant in New Zealand. These records are mostly Miocene (Holden, 1983; Pole, 1993 Pole, , 1996 Pole, , 2007b Lee et al., 2012) , but a recent Eocene discovery has been made (Conran et al., 2013) . Here, we provide evidence that Ripogonum was also present in Patagonia, Argentina, during the early Eocene.
MATERIALS AND METHODS
The two fossils presented here were recovered 29 November and 8 December, 2002, from a single quarry (quarry LH13 of Wilf et al., 2003) of the Laguna del Hunco caldera-lake deposit, Chubut Province, Argentina, which has been described and discussed by numerous authors (e.g., Berry, 1925; Aragón and Mazzoni, 1997; Wilf et al., 2003 Wilf et al., , 2005 Wilf et al., , 2013 Zamaloa et al., 2006; Hermsen et al., 2012) . The 170 m stratigraphic section at Laguna del Hunco has 27 fossil plant localities distributed vertically and laterally, concentrated in a densely fossiliferous interval of ca. 60 m thickness; there are two paleomagnetic reversals and three dated tuffs within the section (Wilf et al., 2003) . One of these tuffs, within the fossiliferous interval, was further subjected to multiple 40 Ar- 39 Ar analyses of sanidines, yielding an age of 52.22 ± 0.22 Ma (early Eocene, Ypresian; M. Smith in Wilf et al., 2005 and Wilf, 2012) , which is the working age for the entire floral assemblage. Laguna del Hunco preserved vertebrates and insects as well as more than 200 species of land plants, most of them angiosperms (Wilf et al., 2005 ). Since 1999, ca. 6000 fossil plant specimens from Laguna del Hunco have been recovered by expeditions from Museo Paleontólogico Egidio Feruglio (MEF, Trelew, Chubut), where they are curated (repository acronym MPEF-Pb).
Among these large collections at MEF are two compression specimens of the informal leaf morphotype TY171 (Wilf et al., 2005) , which is characterised by having a single primary vein with divergent secondary vein pairs (marginal and laminal), with the laminal pair suprabasal. These specimens were photographed with a Nikon (Tokyo, Japan) D700 digital SLR camera, and the images were adjusted to optimise brightness and contrast using Adobe Photoshop Elements ® software. The leaf surfaces of both fossils were closely examined under epifluorescence, but no useful cuticular features were preserved. Nevertheless, the excellent preservation of the leaf architecture showed compellingly clear similarities to living Ripogonum. Also, considering the rarity of these fossils (only two specimens among thousands, from more than a decade of field work in a remote location) and their unusual geographic interest, we felt it important to present the specimens as is.
An image of a leaf from a herbarium specimen of Ripogonum held at the Queensland Herbarium (BRI) was captured using a Nikon (Tokyo, Japan) D5000 SLR camera. Venation patterns were also observed in some leaves from University of Adelaide collections by X-ray photography of dried leaves, following the method of Christophel and Hyland (1993) . Leaf architectural descriptions are adapted from Ellis et al. (2009 Wilf et al. (2003) .
DESCRIPTION
Leaves incomplete, holotype preserved portion 91 mm long (originally perhaps ~105 mm long), 36 mm wide (Figures 1.1, 2.1) , paratype preserved portion 84 mm long, 38 mm wide (Figure  2 .2). Lamina symmetrical, ovate to elliptical; base obtuse; apex and petiole unknown, margin entire. Venation: primary venation appearing basal acrodromous due to robust laminal secondaries; primary vein straight, conspicuous, stout, weakening apically; major secondary vein pair suprabasal, arising from the primary vein ~4 mm from the leaf base at ~30°, decurrent; submarginal vein pair emerging from the leaf base at ~60°; all secondary veins weakening apically, the basal pair forming part of a series of exmedial loops formed by percurrent tertiary veins that connect with the suprabasal secondaries most obviously from the top of the basal third of the leaf to the apex. Tertiary veins between primary and suprabasal secondaries opposite percurrent to random reticulate. Marginal ultimate veins looped.
Comments
Conover (1983) and Conran et al. (2009) discussed leaf architecture and venation in Ripogonum and for taxa with similar leaves. The latter concluded that the presence of divergent secondary vein pairs (marginal and laminal) with the laminal pair suprabasal (Figure 1 .2) is typical only of Ripogonum species. Related and superficially similar net-veined monocots of Smilacaceae and Lapageria generally possess basally divergent secondaries, although some Smilax species can show slightly suprabasal inner vein pairs. Furthermore, Lapageria has very poorly defined brochidodromous loops between the secondary vein pairs and a finely tuberculate midrib and leaf margins. In contrast, the leaves of Philesia are much smaller and show quite different venation (Conover, 1983) .
Among dicots there are some Lauraceae that show suprabasal secondary veins, notably Cryptocarya species that are very similar to other Laguna del Hunco leaf fossils, but these always diminish markedly in the apical half to third of the leaf to form loops (see Christophel and Rowett, 1996) . In contrast, the major veins of the fossils extend toward the leaf apex. Also, if a marginal pair of veins is present in similar Lauraceae leaves, these veins are much weaker than the suprabasal pair and tend to be very close to the leaf margin. Moreover, Lauraceae species differ markedly from Ripogonum in tending to have strongly and regularly percurrent tertiary veins.
Among extant Ripogonum species, the fossils conform both to some specimens of R. album (Figure 1. 2) from eastern Australia and New Guinea and R. scandens from New Zealand. The likeness between fossil and extant specimens extends to details of fine venation, including the presence of ultimate vein loops. Indeed, we contend that a modern leaf with the same details as preserved in the fossils would readily be accepted as belonging to either of these two extant species. Leaves of the 4 other extant species and of other specimens of R. album differ in more obvious ways, as discussed by Conran et al. (2009) . The elliptic shape and venation pattern of the fossils exclude the cordatebased species (R. elseyanum and R. fawcettianum) as close relatives, and the basally divergent submarginal secondaries of the fossils differ from those of R. discolor and other specimens of R. album (see Conran et al., 2009, figure 5A, D) , which run very close to the leaf margins. Ripogonum brevifolium leaves are much smaller, and the suprabasal secondary-vein divergence angle in FIGURE 1. Ripogonum americanum sp. nov. from Laguna del Hunco and extant R. album, 1, holotype MPEF-Pb 6438a. Note that although the petiolar region is not preserved, a decurrent pair of suprabasal secondary veins and basal pair of submarginal veins are clearly visible. Note also the tertiary veins, higher order reticulate venation, vein loops between the secondary vein pairs, and looped ultimate veins at the margins (arrowed); 2, BRI specimen AQ845060 from Queensland, Australia. Note virtually identical details to those visible in the fossils (Figures 1.1, 2) . Scale bars equal 10 mm. this species is too narrow to resemble that of the fossils.
In overall size and type of secondary venation, the fossils could not only be included in Ripogonum album and R. scandens but also in the early Eocene Tasmanian species R. tasmanicum (Conran et al., 2009) . However, at both the Tasmanian and Laguna del Hunco sites, specimens are extremely rare. Moreover, although foliar and other character differences might be expected given the vast geographical separation of these sites, the Tasmanian specimens lack higher order venation preservation and the Patagonian specimens lack cuticular preservation, making detailed comparisons impossible. Ripogonum americanum is therefore erected both as the first American record of the genus, and also to recognise the vast temporal and geographical gap between Laguna del Hunco and present-day Australasia.
DISCUSSION
Ripogonum leaf fossils are now known from the early Eocene of both Patagonia and Tasmania (Pole, 2007a; Conran et al., 2009 ) and have recently been discovered in early Eocene (57-53 Ma) sediments from New Zealand (Conran et al., 2013; E.M. Kennedy, personal commun., 2013) . These occurrences (Figure 3 ) provide tangible evidence that Ripogonum dates to at least the early Eocene, and they support phylogenetic studies that suggest that Ripogonaceae represents one of many examples in Liliales of ancient Gondwanan connections. The current distributions of Ripogonum in Australasia and Philesiaceae in South America were proposed to be the result of vicariance because the estimated date for the split between these taxa based on molecular evidence was 47 ± 8.4 m.y.a. (Vinnersten and Bremer, 2001) , or even older (76 m.y.a.; Janssen and Bremer, 2004) , and large-scale Antarctic ice formation, deep-water seaways (between Antarctica and both Tasmania and South America) and the Circum-Antarctic current were not all well-developed until the end of the Eocene or later (Lawver et al., 2011, in press ). In particular, the Early Eocene Climatic Optimum (~52-50 Ma) , the approximate age of both the Tasmanian (Conran et al., 2009; Carpenter et al., 2012) and Laguna del Hunco Ripogonum specimens, was a period when complex and diverse vegetation types (including mangrove communities) occurred at extremely high southern latitudes (Carpenter et al., 2012; Pross et al., 2012; Contreras et al., 2013) . Conran et al. (2009) also proposed that the position of the Tasmanian Ripogonum tasmanicum fossils in their cladistic analysis of Ripogonum and allies indicated that the deep branches of the phylogeny are at least of Eocene age. Thus, the disjunction in Ripogonum between Australia and New Zealand could date from when these regions may last have been connected in the Paleogene (Ladiges and Cantrill, 2007) . Nevertheless, the small black or red berries of Ripogonum are likely to be attractive to, and readily ingested by, a range of frugivores, and thus the dispersal of seeds over considerable distances has probably been ongoing over millions of years. Further clarification of relationships within the genus will therefore be of interest (Conran et al., 2009) .
Ripogonum species are typically stoutlystemmed, prickly vines or shrubs of rainforests (Conran and Clifford, 1986) and probably occupied similar habitats millions of years ago. Ripogonum americanum apparently shared a wet forest home in southern South America with its sister taxa in Philesiaceae, but the fact that R. americanum is only represented by two specimens among several thousand collected from Laguna del Hunco suggests that the source plants were uncommon and/ or low-growing. These plants grew with a range of other mesic-adapted lineages including certain ferns (Carvalho et al., 2013) , the conifers Papuacedrus (Cupressaceae; Wilf et al., 2009), Dacrycarpus (Podocarpaceae; Wilf, 2012) and Agathis (Araucariaceae; Wilf et al., 2014) , and the "dicotyledonous" angiosperms Akania (Akaniaceae; Romero and Hickey, 1976; Gandolfo et al., 1988) , Gymnostoma (Casuarinaceae; Zamaloa et al., 2006) , Eucalyptus (Myrtaceae; Gandolfo et al., 2011; Hermsen et al., 2012) , and certain Atherospermataceae and Monimiaceae (Knight and Wilf, 2013) . Like Ripogonum, many of the genera repre- sented at Laguna del Hunco became extinct in South America, but they persist in mostly wet forest habitats of Australasia.
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